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Abstract: The differential transformation method for solving nonlinear differential equations is inves- 
tigated in this paper. This method is a feasible tool for obtaining the exact solution of 


differetial equations. The validity of the method is demonstrated by some test problems. 
The results show the reliability and efficiency of the method. 
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1 Introduction 


Differential transformation method (DTM) was first introduced by Zhou", who solved linear 
and nonlinear problems in electrical circuit problems. The method and related theorems are 
well addressed in [2,3]. 


In the paper, we consider the nonlinear differential equation 


Ut = Uge + AlUUg + Azu + Agu?, (1) 
u(z, 0) = uo(x), (2) 


where 1, Ag, A ER. 

(1)-(2) is well known nonlinear second-order evolution equations describing various processes 
in biology!*:5], different methods have been proposed for nonlinear differential equations. But 
finding particular exact solutions for nonlinear equations of the form (1) remains an important 
problem. The biological interpretation of (1) is of fundamental importance. In this paper, the 
solution of the nonlinear differential equation is considered by the differential transformation 
method. The definition and operation of differential transformations are given. The results of 
some examples show the advantages of our method for solving nonlinear differential equations. 


2 Differential transformation method 


In this section, we introduce the basic definition of the differential transformation. 
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Definition 1 Suppose u(x,t) is analytic, then its two-dimensional differential transform 


is expressed as follows 


1 Qkth 
U(k, h) = kth! grar ule t) z=0,t=0 ’ (3) 
u(z,t) = S D U(k,h)x*th = DU (k, h)), (4) 
k=0h=0 


where u(x,t) represents the original function while stands for the transformed function. 
Definition 2 Assume u(x,t) = D~1[U(k,h)], v(z,t) = D~"[V(k,h)] and @ denote the 
convolution, then the fundamental operations of two dimensional DTM are defined as follows 


Diaou(z, t) + Bu(z, t)] = aU (k, h) + BV(k,h), (5) 
k k 
D{u(z, t)v(a, t)] = U(k,h) @ V (k,h) = Y_U(a,h — b)V (k — a,b), (6) 
a=0 b=0 
rk 
Dfexp(rz)] = mE Dj|r™t”] = 6(k —m,h - n), (7) 
orts 

D| zae” =(k+1)(k +2) (k+r)(h+1)(h+2)---(h+8) 

U(K +r,h+ s8). (8) 


Taking differential transforms of (1), we can obtain 


(h+1)U(k,h+1) = (k+2)(k+DU(k+2,h) 


k Rh 
+41 X (k+1-a)U(k +1- a,b)U(a,h — b) 


a=0 b=0 
k h 
+A2U (k, h) + A3 X- X U(a,h — b)U(k — a,b), (9) 
a=0 b=0 
From (2), we have 
u(x,0) = X U(k,0)z" = uo(a). (10) 


k=0 
Substituting all these into (4), we can obtain u(z, t). 
3 Numerical illustrations 


To illustrate the techniques discussed in the previous section, we give the following examples 
to validate efficiency of the proposed method. 
Example 1 Solve the following Burgers equation (A; = —1, Az = 3 = 0 in (1)), 


Ut — Uus = Une, O<ae<l1, O0<t<1, (11) 
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with the initial value 
u(z,0) =1-—-2. 


Taking differential transform of (11), we have 


(h+1)U(k,h+1) = (k+2)(k+1)U(k+2,h) 


k R 
+9} (k+1-a)U(k +1- a,b)U(a,h— b), 
a=0 b=0 


From (12), we have 


co 
XC U(k, 0)" =1- z. 
k=0 
The corresponding spectra are 


1, k=0, 
U(k, 0) = —l, k=1, 
0, otherwise. 


Substituting (15) into (13), we have 


-1, k=0 1, k=0, -1, k=0, 
U(k,1) = 1, k=1, U(k,2)=4 -—1, k=1, U(k, 3) = 1, k=1, 
0, otherwise, 0, otherwise, 0, otherwise, 


We can calculate U(k,h). Substituting all U (k, h) into (4), we obtain 


— kph _ tT 
u(z,t) =} X U(k,h)x*t ET 
k=0 h=0 
Exemple 2 We consider the following heat equation (A; = Az = A3 = 0 in (1)), 
Ut = Uze tu, O<2r<1, O<t<], 


with initial condition 
u(z,0) = x. 


Taking the differential transform of (17), we have 
(h+1)U(k,h +1) = (k +2)(k + 1)U(k + 2,h) + U(k,h), 
From (18), we have 
5 U(k, 0)z* = 2, 


k=0 
The corresponding spectra is 


1, k=l, 
U(k,0) = 
0, otherwise. 
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Substituting (21) into (19), we have 


1, k=1, 3, 


k=1, gal, k=1, 
U(k,1) = U(k,2) = U(k, 3) = 
0 


1 
2-3 


, otherwise, 0, otherwise, 0, otherwise, 


We can calculate U (k, h). Substituting all U (k, h) into (4), we obtain 


co. œœ t2 3 
u(a,t) = D> Uk hat = aji ttt tt] =g. 
k=0 h=0 


4 Conclusion 


This work shows that the reliability and efficiency of the proposed method and tell us the 
new method can be an alternative way to solve the linear and nonlinear differential equations. 
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